Bacterial cell division is a tightly regulated process that involves spatial and temporal control of the replication and segregation of the chromosome (karyokinesis) and cytoplasmic division of the cell (cytokinesis) (12, 27, 37) . The principal cell division protein FtsZ initiates septation through polymerization to form a ring-like structure at the leading edge of the invaginating septum to guide cytokinesis (1, 5, 27, 37) . Although the function of FtsZ seems to be similar in all bacterial cells, transcriptional regulation of the gene differs remarkably, apparently in compliance with the physiological demands and growth conditions of different bacterial genera and species. In Escherichia coli, six promoters distributed in the upstream ftsQ, ftsA, and ddlB coding sequences drive one-third of the total ftsQAZ transcripts. The remaining two-thirds of ftsZ transcription is driven by promoters that are placed beyond 6 kb upstream of ddlB gene (10, 18, 40) . Some of these promoters are upregulated by protein factors, such as SdiA, which regulates the ftsQ2p promoter (46) , and the response regulator RcsB, which regulates the ftsA1p promoter (8, 22) . Like for E. coli, the presence of multiple promoters for ftsZ has been reported for Bartonella bacilliformis and Bartonella henselae (17) , Shewanella violacea (31) , Neisseria gonorrhoeae (20) , and Thermoplasma acidophilum (48) . However, in the differentiating bacterium Caulobacter crescentus, monocistronic ftsZ is driven by a single promoter under the control of the global cell cycle regulator CtrA (32) . In Bacillus subtilis, where the organization of the genes in the dcw cluster is similar to that in E. coli, among the three promoters that drive ftsA-ftsZ cotranscription, two are active during vegetative growth (SigA dependent) and one is active during sporulation (SigH dependent) (24) . Moreover, the response regulator YycF of the YycG/YycF two-component system binds directly to the nonessential P1 promoter upstream of ftsAZ and activates transcription of the gene (21, 30) . In Streptomyces, among the three ftsZ promoters present in the ftsQ-ftsZ intergenic region, one promoter is constitutively active, the second one is active during vegetative growth, and the third one is active during sporulation (11, 19, 33, 41) .
A minor sporulation-specific ftsZ transcript was detected from the ftsQ open reading frame (ORF) in Streptomyces griseus (11, 33) and in Streptomyces coelicolor (19, 39) . In Corynebacterium glutamicum ATCC 13869 (Brevibacterium lactofermentum), there is a less abundant short transcript originating from the ftsQ-ftsZ intergenic region and a more abundant transcript starting inside ftsQ (29, 42) .
Mycobacterium tuberculosis, which is a member of the lower Actinomycetes group and is similar to Corynebacterium and Streptomyces, is known to shut down its proliferation inside activated macrophages (34, 35) . Similarly, proliferation of the pathogen is arrested at a uniform stage of the cell cycle when the cell enters the state of dormancy and is resumed when the cell comes out of dormancy (36, 47) . Thus, the regulation of cell division is a key process that is obligatory for the pathogen for the successful establishment of infection as well as for survival and proliferation inside host cells. Although the mechanism of the control of septation in this pathogen is not known, a critical intracellular concentration of FtsZ protein, the level of which decreases in stationary phase, was found to be required for productive septum formation (13) . This finding suggests a regulatory mechanism that controls the critical level of FtsZ protein inside the cells. We have initiated studies on the transcriptional regulation of the ftsZ gene of M. tuberculosis, and recently we have reported the identification of three specific regions upstream of the ftsZ ORF, which elicited ftsZspecific transcription (43) . These regions were the ftsQ-ftsZ intergenic region (172 bp) and the 5Ј 467-bp and 3Ј 217-bp regions of the ftsQ ORF, with maximal activity coming from within the ftsQ ORF. In continuation of these observations, here we report the identification of multiple transcripts and their start sites at the nucleotide level, and the corresponding putative promoters, by primer extension analysis from these regions on the RNA from mid-log-phase M. tuberculosis cells and on Mycobacterium smegmatis transformant carrying the M. tuberculosis ftsZ upstream region.
For this study, M. tuberculosis H37Ra cells, the isogenic attenuated mutant strain of pathogenic M. tuberculosis H37Rv, and an M. smegmatis transformant carrying the pMN406-Q1K1 construct containing the ftsQ ORF-ftsQ-ftsZ intergenic region were grown to mid-log phase (an optical density of approximately 0.8 at 600 nm) in Middlebrook 7H9 (Difco) liquid medium supplemented with albumin-dextrose-catalase (ADC) enrichment and hygromycin selection (50 g/ml) wherever applicable. The isolation of RNA, removal of genomic DNA contamination from the samples, and quantitation of total RNA from M. tuberculosis cells and M. smegmatis transformants were all carried out as previously described (43) . For primer extension analysis, 5Ј end-labeled primers (Table 1 ) of 1.5 ϫ 10 6 cpm were hybridized to 2 g of total RNA for 10 min at 65°C followed by another 10 min of hybridization at a suitable annealing temperature (Table 1) . Primer was extended by using Moloney murine leukemia virus RNase H Ϫ reverse transcriptase enzyme (MBI Fermentas) at either 42 or 45°C for 1 h in the presence of either 1 or 5 mM deoxynucleoside triphosphates. All of the reactions were repeated with two different dilutions of total RNA preparations from at least three independent mid-log-phase cultures. Control primer extension reactions were performed on E. coli tRNA (1 g) (Sigma) to rule out extended products due to nonspecific annealing. Similarly, in order to rule out primer-extended product being a falloff product due to GC-rich sequences, primer extension reactions were performed on single-stranded sense strand DNA (200 ng) of the corresponding regions that was amplified from the PCR product of the 1.202-kbp region (Q1-ZPE segment) from the ATG of ftsQ to the annealing site of the ZPE primer inside the ftsZ ORF by using only the forward Q1 primer (57) as described previously (16) . The primer extension products were analyzed in 6 or 8% denaturing polyacrylamide gel with 7 M urea, along with a corresponding sequencing reaction, using a Thermosequenase cycle sequencing kit (USB) on the PCR product template Q1-ZPE that was amplified from genomic DNA of M. tuberculosis H37Ra.
Identification of the origin of ftsZ transcripts from the ftsQftsZ intergenic region. Primer extension analysis of RNA from M. tuberculosis cells with ZPE and K1 primers, which anneal to the M. tuberculosis ftsZ gene and the ftsQ-ftsZ intergenic region, respectively (Table 1) , identified two transcripts, t1 and t2, originating from the intergenic region. However, extension using the Revgfp2PE primer, which anneals to the mycgfp2ϩ gene in the pMN406-Q1K1 construct, on RNA from M. smegmatis transformants harboring multicopy reporter plasmid pMN406-Q1K1 (43) containing the 1.117-kb M. tuberculosis ftsZ promoter region (ftsQ ORF and ftsQ-ftsZ intergenic region) identified t2 and, instead of t1, two additional transcripts, ta and tb, which were not found in M. tuberculosis. The control experiments using a mixture of E. coli tRNA and singlestranded sense strand DNA did not show any corresponding bands (Fig. 1b, lane cz) , indicating that the primer extension reactions did not involve either nonspecific extension or secondary structure-related falloff of the enzyme. The control experiments for the primer extension of RNA from M. smegmatis transformant were carried out using RNA from M. smegmatis transformants containing promoterless vector control (pMN406-⌬pimyc) (43) . Primer extension analyses using RNA from M. smegmatis transformants containing the individual 172-bp ftsQ-ftsZ intergenic region and the 3Ј 217-bp and 5Ј 467-bp regions of the ftsQ ORF in the reporter plasmid (43) were not carried out in order not to miss any transcripts that originate near the junctions of these cloned regions.
The transcript t1, which was identified in M. tuberculosis, starts at the A or G 12 or 13 bp upstream of the ATG of ftsZ and just includes the predicted ribosome binding site (RBS) GGAGGAAG of the cognate mRNA (Fig. 1b) . The potential RBS where the transcription start lies can form stem-loop structures in several conformations with sequences just downstream of ATG of the ftsZ gene. The presence of such stemloop structures and a strong RBS at the 5Ј end of the RNA is T1f  5Ј GCTCTAGAGTTGAGGTTGAGAGTTTGCCAGCAGACACAC 3Ј  P1  K1  5Ј CGGGATCCCGTTCGGCTTCCTCCCTGGTGGGG 3Ј  P1  Tbf  5Ј GCTCTAGACCATACGGTTCTGACTACGAGCAACTAC 3Ј  Pb  Tbr  5Ј CGGGATCCAAACTCTCAACCTCAACCATAGGCTTAGAG 3Ј  Pb  K2  5Ј GCTCTAGACCGAAAAAATGCCCGCCGCGTATC 3Ј  P2  T2r  5Ј GCGGATCCATGTCAAGTAGTTGCTCGTAGTCAGAACCGTATGGC 3Ј  P2  Igf  5Ј GCGGATCCTAAATGGCTACGACGGTTGCTAACCGTGCAGG 3Ј  P2⌬, P3  T3f  5Ј GCTCTAGAGGCAGAACGTACGACGTGTCCAGCCCC 3Ј  P3  T4  5Ј CTAGACCTGAAGTTGCAAGCCAGGTGGGGCGGATCGCGGCCCCGTCG 3Ј  P4  T4c  5Ј GATCCGACGGGGCCGCGATCCGCCCCACCTGGCTTGCAACTTCAGGT 3Ј  P4  T5f  5Ј GCTCTAGAGAGGTTCTCGACGCCGCCAG 3Ј  P5  T5r  5Ј CGGGATCCCGATCTGCAGCAACGGCGTTGCCG 3Ј  P5  Q1  5Ј GCGGGATCCGATATCATGACGGAACACAACGAGGACCCACAGATCGAGCGC 3Ј  Q1SD1  SD1  5Ј GATATCGCTAGCGATGGCGATCTCGGCCGCTTTGAGCGACCGGCCTTC 3Ј  Q1SD1 VOL. 187, 2005 187, NOTES 2541 known to stabilize the cognate mRNA molecule (3, 4, 26) . The putative promoter P1, which drives the expression of the t1 transcript, has CGAGCCCC as the Ϫ10 sequence and TT GCCA as the Ϫ35 sequence (Table 3 ) (see Fig. 5 ). Although the Ϫ35 sequence shows a A -like promoter consensus, the Ϫ10 sequence does not. Therefore, P1 could be classified under type C promoters (23) . If the Ϫ10 region (CGAGCC) is considered with a Ϫ35-like (GAGAGT) sequence, with a 24-nucleotide gap between them, it shows C consensus (38, 45) (see Fig. 5 ). However, in mycobacteria the gap between Ϫ10 and Ϫ35 sequences of various promoters reported so far are found to vary between 12 and 22 nucleotides only and not 24 nucleotides (23) .
In order to verify whether the same transcript is produced in the M. smegmatis transformant, extension was carried out on RNA from the transformant by using primer Revgfp2PE, the 3Ј end of which anneals against G of the ATG codon of mycgfp2ϩ in the promoter probe vector (43) (Fig. 2a and Table  1 ). Instead of the t1 transcript, the primer extension reaction identified the transcript ta, which starts at the G that is 24 bp upstream of the ATG of ftsZ ( Fig. 2b; see Fig. 5 ). Similar to P1, the corresponding Pa promoter for the ta transcript possessed TTGAGA as the Ϫ35 sequence of A consensus, but there was no clear Ϫ10 region similar to the Ϫ10 consensus of A (see Fig. 5 ). Therefore, Pa could also be considered a type C promoter (23) . It may be noted that both P1 and Pa promoters overlap with each other, suggesting that the transcription initiation complex can engage only one of them at any time point if both are functional in the same organism. Such promoters, having conserved the Ϫ35 region but without Ϫ10 consensus, are known to be targets of regulation by extracellular function sigma factors (15) . The M. smegmatis genome lacks a C homologue but possesses sequences for eight additional extracellular function sigma factors which are absent in M. tuberculosis (38) . Therefore, it is likely that the overlapping P1 and Pa promoters might be targets of regulation by different sigma factors in M. tuberculosis and M. smegmatis. Another possibility for the presence of t1 and ta transcripts is that the products originated from differential processing of a single pre-mRNA due to altered secondary structure in these two mycobacterial species, owing to the GC-rich mycgfp2ϩ sequence, instead of the ftsZ ORF, downstream of the promoter region in the transformant. One distant possibility is sequence polymorphism, similar to a previous report (6) , between the ftsZ promoter region of the attenuated H37Ra strain, from which RNA was prepared for primer extension, and of the virulent H37Rv strain, the DNA of which was used to generate the insert in the pMN406-Q1K1 construct (43) . We ruled out this possibility, as the sequence of the Pfu polymerase (MBI Fermentas)-amplified product from the ftsQ ORF-ftsQ-ftsZ intergenic-ftsZ ORF region (Q1-ZPE) from H37Ra genomic DNA with the ZPE, K2r, P2r, and P1P2r primers (Table 1 ) was identical to the reported sequence of the ftsQ-ftsZ locus of M. tuberculosis H37Rv (9) .
Extension with the same primer, Revgfp2PE, of RNA from M. smegmatis transformants detected yet another transcript, tb ( Fig. 2b; see Fig. 5 ). The product starts at the A or G at 62 or 63 bp, respectively, upstream of the ATG of the ftsZ gene. The corresponding promoter region, Pb (Ϫ35 TTCTGA and Ϫ10 TCTAAG with a 21-to 22-bp spacer region) shows a high degree of consensus to A promoters (see Fig. 5 ). In addition to the presence of a clear A promoter consensus, there could also be a probable E or H consensus with Ϫ35-like GCAAC and Ϫ10-like GGTTG, but with a 24-bp spacer, just immediately upstream of the ϩ1 site (see Fig. 5 ). However, the tb transcript was absent from extension using the ZPE primer on the RNA from M. tuberculosis mid-log-phase cells (Fig. 1b) .
The absence of tb in mid-log-phase M. tuberculosis cells could be due to the possibility that the Pb promoter might be under regulated activity, as there is a strong hairpin loop present downstream of the Ϫ10 sequence of Pb involving the start site of the tb transcript. Such secondary structure downstream of the Ϫ10 sequence might be suggestive of a repression mechanism, as repressors are shown to maximally bind to palindrome sequences that are present downstream of Ϫ30 of promoter regions and up to ϩ20 of the ORF (25) . It is also possible that the activity of Pb is below detection limits during mid-log phase in M. tuberculosis. The presence of a large amount of transcribed RNA from the multicopy plasmid pMN406-Q1K1 in M. smegmatis transformant might have enabled its detection in the transformant. Another possibility is that antibiotic selection of M. smegmatis transformant might have induced stress response-specific sigma factors, such as E or H , for which consensus exists upstream of tb, which in turn might have activated the Pb promoter. Extension reactions using the primer K1, which binds upstream of ZPE and Revgfp2PE, the 3Ј end of which anneals to 24 bp upstream of the ATG of ftsZ (Fig. 1a and 2a and Table 1 ) or mycgfp2ϩ in pMNQ1K1 (Fig.  2a) , confirmed the observation that tb is present in M. smegmatis transformant only and not in M. tuberculosis cells (Fig. 1f  and 2d ).
Primer extension with the ZPE, K1, and Revgfp2PE primers identified a fourth transcript, t2, from the RNA of both M. tuberculosis cells and the M. smegmatis transformant (Fig. 1b,  d , and e and 2b, d, e, and f). The ϩ1 site starts at the A 100 bp upstream of the ATG of the ftsZ gene ( Table 3 ). The corresponding promoter, P2, shows a canonical A -type consensus having Ϫ35 TTAGCA and Ϫ10 TACGGT with a spacer region of 13 bp. Alternately, there could be E -or H -type consensus having Ϫ35-like GGAAC and Ϫ10-like GGTTC with a 14-bp spacer (see Fig. 5 ). Incidentally, the promoter region contains palindromic sequences upstream of as well as between the Ϫ35 and Ϫ10 regions (see Fig. 5 ). Such promoters are subject to regulation and could be probable transcription factor binding sites, as in the case of the tipA-p promoter of Streptomyces (44) . It may be noted that the Ϫ10 region of P2 and the Ϫ35 region of Pb overlap (see Fig. 5 ), indicating the possibility of differential engagement of the two promoters by RNA polymerase. Another possibility is of promoter occlusion (2) of Pb by the higher level of activity of P2 in M. tuberculosis.
Transcripts ta and tb are not specific to ftsZ. In order to verify whether ta and tb represent differentially expressed true P1  GAGAGTTTGCCA  CGAGCCCC  G/A  13 or 12  C  P2  TTAGCA  TACGGT  A  100  A  P3  GTACGA  TGCCGA  A  176  C  P4  GTTGCAA  GATCGC  G  331  C  P5  TTCTCGA  GGCCGGCA  G  655  C  P6  TCGCGA  TCGGGA  GG  773 or (Fig. 2c) . The presence of these transcripts in M. tuberculosis transformants rules out the possibility, suggested earlier, of repression or downregulated expression from the Pa and Pb promoters in M. tuberculosis. However, antibiotic-induced sigma factor-mediated activation of these promoters cannot be ruled out. In order to verify this possibility, the 1,843-bp region starting from the ATG of M. tuberculosis ftsQ up to the 726-bp region of M. tuberculosis ftsZ was PCR amplified from M. tuberculosis genomic DNA by using Q1 and SD1 primers (Table 2 ) and KOD XL DNA polymerase (Novagen) and cloned into the pMN406-⌬pimyc vector (43) at the SspI and NheI sites, replacing the mycgfp2ϩ gene, to obtain pMN406-Q1SD1. In this construct, M. tuberculosis ftsZ was directly under the regulation of its own native 1.117-kb promoter region. Extension of the ZPE primer on the RNA from M. smegmatis transformant containing pMN406-Q1SD1 identified t1 and t2 transcripts, originating from the intergenic region, but not ta or tb transcripts (Fig. 2f) . This observation was again confirmed by the extension of K1 primer on the same RNA, wherein as expected only t2 and not tb could be detected, as K1 anneals at the P1/Pa region (Fig. 2e, lane 1) . This result ruled out the possibility of firing of Pa and Pb promoters by antibiotic-induced sigma factors. The fact that ta and tb transcripts are absent in the negative control (pMN406-⌬pi-myc) and that two independent primers, K1 and Revgfp2PE, have identified them in M. smegmatis and M. tuberculosis transformants only when mycgfp2ϩ is present downstream of the 1.117-kb M. tuberculosis ftsZ promoter region (Fig. 2b and c) and not when the ftsZ ORF is present (Fig. 2f and 1b) proves that the two transcripts are the processed ends due to a modified conformation of the untranslated M. tuberculosis ftsZ leader sequence in the presence of the GC-rich mycgfp2ϩ sequence downstream of the promoter region. Since the two transcripts do not pertain to ftsZ transcription, as evident from the primer extension result with RNA from M. smegmatis transformant (pMN406-Q1SD1) (Fig. 2e and f) , the probable reason for their mycgfp2ϩ-specific origin was not investigated.
Identification of the origin of ftsZ transcripts from the ftsQ ORF. Primer extension analysis on the RNA from M. tuberculosis cells and M. smegmatis transformants containing pMN406-Q1K1 with the primers ZPE, K1, Revgfp2PE, K2r, Igf, P2r, and P1P2r (Table 1) and t6, originating in the 5Ј 467-bp region of the ftsQ ORF ( Fig. 3 and 4) . The extension of ZPE, K1, and Revgfp2PE primers identified transcript t3 as originating inside the ftsQ ORF at the A, which is 4 nucleotides upstream of the end of the stop codon of ftsQ and 176 bp upstream of the ATG of ftsZ (Fig. 1b and c and 2b, d , e, and f; Table 3 ). Similarly, t4 was found to originate approximately 320 bp upstream of the ATG of ftsZ and about 145 bp upstream of the stop codon of ftsQ. In order to precisely map t3 and t4 transcripts, K2r and Igf primers were used for primer-extension on total RNA from M. tuberculosis and M. smegmatis transformant containing pMN406-Q1K1 (Table 1 and Fig. 3a) . Primer K2r, the 3Ј end of which lies in the ftsQ-ftsZ intergenic region 153 bp upstream of the ATG of ftsZ, was annealed to RNA with a gradual reduction of temperature (Table 1 and Fig. 3a) owing to the high secondary structure in the region. The 3Ј end of the primer Igf anneals 142 bp upstream of ATG (Table 1 and Fig. 3a) . The extension of both of the primers detected t3 transcript (Fig. 3c and e and 5) , confirming the earlier observation. The corresponding promoter, P3, lacks consensus to A -, C -, or H -type promoters and could be grouped as a C type promoter (Table 3 and Fig. 5 ). Since P3 lacks consensus with any of the known sigma factor-specific promoters and t3 starts in an AU-rich region downstream of which there is a probable strong stem-loop structure, t3 could be a RNase-processed product, as found in the ftsQAZ transcript of E. coli (7) . The extension of K2r and Igf mapped t4, originating at the G 331 bp upstream of the ATG of ftsZ and 158 nucleotides upstream of the end of the stop codon of ftsQ, confirming the earlier observation with ZPE, K1, and Revgfp2PE primers (Fig. 3b and d and Table 3 ). The corresponding promoter, P4, has a GC-rich Ϫ10 region (GATCGC) and a weak Ϫ35 consensus (TTGCAA) for A , indicating that it could probably be a type C promoter (Table 3 and Fig. 5 ).
The alternate possibility is a weak F consensus promoter (GTTG-13 bp-GCGGAT) (Fig. 5) .
In order to verify the observation of the absence of promoter activity in the 261-bp PstI fragment of the ftsQ ORF (43), extension was performed with the P2r primer (Table 1 and Fig.  4d ), the 3Ј end of which anneals at 416 bp upstream of the ATG of ftsZ and 244 bp upstream of the stop codon of ftsQ. P2r extension did not generate any product from M. tuberculosis RNA or from RNA of M. smegmatis transformant from the 261-bp region of the ftsQ ORF (43) . Instead, it gave a faint extension product, t5, on RNA from the M. smegmatis transformant containing pMN406-Q1K1, but not from M. tuberculosis, above 650 bp upstream of the ATG of ftsZ that lies in the 467-bp 5Ј region of the ftsQ ORF (Fig. 4a) . In order to precisely map transcript t5, extension was carried out using the P1P2r primer (Table 1 and Fig. 4d ), the 3Ј end of which anneals to 597 bp upstream of the ATG of ftsZ. The product t5 was found to be present only in M. smegmatis transformant, starting at the G, 655 bp upstream of the ATG of the ftsZ gene and 482 nucleotides upstream of the stop codon of ftsQ and lies in the 467-bp 5Ј portion of ftsQ ( Fig. 4a and b) . The corresponding promoter, P5, having only a weak consensus to the Ϫ35 region (TTCTCG) of A , lacks consensus to any of the known sigma factor-specific promoters. Therefore, it could be a type C promoter (Table 3 and Fig. 5 ). The reason for the absence of t5 transcript in M. tuberculosis could be a low level of P5 activity or differential regulation at the mid-log phase of growth. Besides t5, one more transcript, t6, which starts at the G 772 or 773 nucleotides upstream of the ATG of ftsZ and 599 or 600 nucleotides upstream of the stop codon of ftsQ and lies FIG. 5 . Promoter sequences of M. tuberculosis ftsZ and comparisons with different sigma factor consensuses. The number of nucleotides are based on the M. tuberculosis Q1-ZPE region, with ftsQ ATG as 1. s denotes g or c; w denotes a or t; r denotes a or g; and m denotes a or c. The top arrow is the ϩ1 site. Capital letters indicate Ϫ10 and Ϫ35 sequences. Convergent arrows indicate palindrome sequences. These promoter sequences were cloned by using primers shown in Table 2 . The portion of the P2 sequence in square brackets is P2⌬. (Fig. 4c) . The corresponding P6 promoter did not show consensus to any of the known sigma factor-specific promoters (Table 3 and Fig.  5 ). Activity of the mapped putative promoter sequences in vivo. Although our previous study (43) showed promoter activity from the individual 5Ј 467-bp (initiating t5 and t6 transcripts) and 3Ј 217-bp (initiating t3 and t4 transcripts) regions of M. tuberculosis ftsQ as well as the ftsQ-ftsZ intergenic region (initiating t1 and t2 transcripts), the presence of multiple origins of transcripts from each cloned region and also the presence of potential stem-loop structures in some of the promoter regions raise the possibility that some of the 5Ј ends identified could be due to RNA processing. Due to the lack of RNase mutant strains for mycobacteria, the transcripts with secondary structure near their origin could not be tested to determine whether they were RNase-processed products. Since the majority of the mycobacterial promoters are not active in E. coli (23) , E. coli RNase mutant strains also could not be used for this purpose. Instead, the activity of the putative promoters was determined in the reporter fusion study using the promoter probe vector pMN406-⌬pimyc (43) . Since P6 is the most distal promoter detected, there is no promoter sequence beyond P6 in the M. smegmatis transformant containing pMN406-Q1K1. Therefore, t6 transcript cannot be a processed product. Hence, except P6, other putative promoter sequences, namely, P1, P2, P3, P4, and P5, encompassing exclusively the Ϫ10, Ϫ35, and ϩ1 start sites of the respective transcripts (Fig. 5) , were PCR amplified with primers (Table 2 ) and cloned in pMN406-⌬pi-myc vector, and the sequences were confirmed by using Revgfp2PE primer (Table 1 ) and analyzed for their activity in M. smegmatis transformants. The respective sequences of the P1, P2, P3, P4, and P5 promoters that were cloned are indicated in Fig. 5 . Since P2 has secondary structure regions overlapping with the Ϫ10 and Ϫ35 sequences, in order to confirm the promoter activity of P2, the Ϫ10 sequence was deleted by cloning a 59-bp PCR-amplified truncated P2 (P2⌬) (Fig. 5) . As an internal negative control, a 67-bp Pb sequence was PCR amplified and cloned. Except truncated P2⌬ and the negative control Pb, all of the specific promoter sequences, namely, P1 to P5, drove the expression of mycgfp2ϩ (Fig. 6) . These observations confirmed that the regions, predicted based on 5Ј end mapping of ftsZ transcripts, are true promoters and the transcripts t1 to t5 (and t6) are true transcripts and not RNaseprocessed products. These observations indicate that the palindrome sequences in these promoter regions are not RNase processing sites but might be involved in promoter regulation. Careful mutational analyses of the palindrome structures are needed to fully understand the transcriptional regulation of the M. tuberculosis ftsZ gene.
In summary, we have identified and mapped six transcripts (t1 to t6) and their putative promoters (P1 to P6) for the ftsZ gene of M. tuberculosis. Among them, P1 and P2 are in the ftsQ-ftsZ intergenic region, while P3 and P4 are in the 3Ј 217-bp region and P5 and P6 are in the 5Ј 467-bp region of the ftsQ ORF. The identification of these transcripts, their respective putative promoters, and their distribution are in concurrence with our previous study (43) , which demonstrated promoter activity in the ftsQ-ftsZ intergenic region and 3Ј 217-bp and 5Ј 467-bp regions of the ftsQ ORF. The absence of any transcript from the 261-bp P1P2 region of ftsQ also correlates with the absence of promoter activity noted for this region in our previous study (43) . The quantitation of the relative intensities of the extension products of t1, t2, t3, and t4 transcripts (Fig. 1b and 2f) showed that both in M. tuberculosis cells and in M. smegmatis transformants, the promoter strength of the 3Ј 217-bp region of the ftsQ ORF is 1.3 to 1.8 times higher than that of the 172-bp M. tuberculosis ftsQ-ftsZ intergenic region. These values are comparable to the values (1.4 to 1.8) obtained in the semiquantitative reverse transcription-PCR analyses of the M. tuberculosis ftsZ transcripts originating from the respective regions in M. tuberculosis (43) and in M. smegmatis transformant containing pMN406-Q1K1 (Fig. 6 of reference 43) . The promoters in the ftsQ ORF are GC rich and lack consensus to promoters that are recognized by the plethora of characterized sigma factors present in M. tuberculosis. Their high GC content also shows concurrence with their activity in M. smegmatis but lack of activity in E. coli (43) . The presence of multiple promoters for ftsZ might facilitate differential regulation of gene expression in response to various environmental signals corresponding to different stages of the life cycle of the pathogen. Alternately, considering the slow rate of transcription in mycobacteria (28) , multiple promoters might enable the maintenance of the high intracellular concentration of FtsZ required for cell division in M. tuberculosis and M. smegmatis (13, 14) .
